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(54) Process for producing nitrile compounds 



(57) There is disclosed a process for producing a 
nitrile compounds by ammoxidation of a carbocyclic or 
heterocyclic compound having organic substituent(s) by 
reacting the compound with ammonia and an oxygen- 
containing gas, wherein unreacted ammonia is recov- 
ered from the reaction product gas and recycled to the 
reaction system. In the first process of the present in- 
vention, the ammoxidation is conducted by vapor-phase 
catalytic reaction in the presence of a fluid catalyst con- 
taining at least one metal oxide selected from the group 
consisting of vanadium oxide, molybdenum oxide and 
iron oxide while controlling a water concentration of a 
gas fed to a reactor to 12% by volume or lower by ad- 
justing a water content of the recovered ammonia by dis- 
tillation, thereby avoiding deterioration in activity of the 



catalyst due to recycle of the recovered ammonia. As a 
result, it is possible to stably obtain the aimed product 
at a high yield for a long period of time. In the second 
process of the present invention, after separating the ni- 
trile compounds from the reaction product gas, unreact- 
ed ammonia and hydrogen cyanide contained in the re- 
sidual gas are absorbed into water. Then, the obtained 
solution is distilled under a pressure of 0.2 to 0.7 MPa 
to recover ammonia and hydrogen cyanide from the re- 
sidual gas and recycle these compounds to reaction 
system. As a result, the ammonia and hydrogen cyanide 
can be efficiently recovered at the same time, and it is 
possible to not only reduce costs required for treatment 
of wastes or the like, but also stably obtain the aimed 
nitrile compounds at a high yield for a long period of time, 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001] The present invention relates to a process for 
producing carbocyclic. nitriles or heterocyclic nitriles 
(hereinafter commonly referred to as "nitrile com- 
pounds") by reacting a carbocyclic or heterocyclic com- 
pound having organic substituent(s), with ammonia and 
an oxygen-containing gas. More particularly, the inven- 
tion relates to a process in which unreacted ammonia is 
recovered from the reaction product gas and recycled 
to the reaction system. 

[0002] Carbocyclic nitriles are useful as raw materials 
for the production of synthetic resins, agricultural chem- 
icals or the like, or as intermediate products of amines, 
isocyanates or the like. Also, heterocyclic nitriles are 
useful as intermediate products of medicines ! feed ad- 
ditives, food additives or the like. 

2. Description of the Prior Art: 

[0003] The nitrile compounds have been produced by 
reacting a hydrocarbon compound with ammonia and a 
oxygen-containing mixed gas, i.e., by so-called ammo- 
xidation. When carbocyclic or heterocyclic nitriles are 
synthesized by ammoxidation of corresponding carbo- 
cyclic or heterocyclic compounds having organic sub- 
stltuent(s), a large amount of heat is generated as com- 
pared to ammoxidation of olefins. Accordingly, the am- 
moxidation of carbocyclic or heterocyclic compounds is 
advantageously carried out by vapor-phase fluid cata- 
lytic reaction to facilitate removal of the reaction heat 
and avoid the occurrence of side reactions due to local 
heating. 

[0004] As catalysts for the vapor-phase fluid catalytic 
reaction, there have been proposed various catalyst 
systems comprising a metal oxide which may or may 
not be supported on a carrier such as silica and alumina. 
For example; Japanese Patent Publication No. 
49-45860 discloses a process for producing aromatic ni- 
triles by subjecting alkyl-substituted aromatic com- 
pounds to ammoxidation. Japanese Patent Application 
Laid-Open No. 63-190646 discloses a process for the 
ammoxidation of alkyl-substituted aromatic compounds 
or alkyl-substituted alicyclic compounds using Fe/Sb- 
based catalysts. 

[0005] Also, Japanese Patent Application Laid-Open 
No. 1-275551 discloses a process for the ammoxidation 
of alkyl-substituted aromatic compounds or alkyl-substi- 
tuted alicyclic compounds using V/Cr/B/Mo-based cat- 
alysts. Japanese Patent Application Laid-Open No. 
5-170724 discloses the similar process using Mo/P- 
based catalysts. Japanese Patent Application Laid- 
Open No. 9-71561 discloses a process for the produc- 
tion of dicyanobenzene by ammoxidation of xylene us- 



ing Fe/Sb/V-based catalysts. 

[0006] In these ammoxidation reactions, ammonia is 
used in an excessive amount relative to stoichiometric 
amount thereof in order to produce respective nitriles 

5 corresponding to the alkyl-substituted aromatic com- 
pounds and alkyl-substituted alicyclic compounds at a 
high yield. Usually, the ammonia is used in an amount 
of 3 to 7 moles per mole of one organic substituent con- 
tained in the raw material. In industrial-scale operations, 

10 from economical viewpoint, unreacted ammonia is pref- 
erably recovered from the reaction gas and recycled to 
the reaction system. 

[0007] There have been conventionally proposed var- 
ious processes in which after separating nitrile corn- 
's pounds from the ammoxidation reaction product gas, 
unreacted ammonia is recovered from the residual gas 
and recycled to the reaction system. 
[0008] In "Monthly Report of Japan Chemical Socie- 
ty", vol. 22, pp. 419-451 (1972), there is disclosed the 

20 process for producing isophthalonitrile by the ammoxi- 
dation of m-xylene wherein unreacted ammonia is re- 
covered from the reaction product gas after separating 
the isophthalonitrile therefrom and recycled to the reac- 
tion system, and the residual waste gas is converted into 

25 harmless state, and discharged. 

[0009] In addition, "Chemical Process Collection" (ed- 
ited by Institute of Chemical Engineering; pp. 749-752) 
discloses the process for the production of benzonitrile. 
In this process, toluene, ammonia and air are subjected 

30 to ammoxidation in the presence of a MnAW-based cat- 
alyst by fixed bed method. The reaction product gas is 
cooled to 1 0°C or lower to collect benzonitrile and water. 
Then, the residual gas is introduced into an ammonia 
recovering tower and separated into waste gases (car- 

35 bon dioxide gas, carbon monoxide, nitrogen, oxygen, 
etc.) and ammonia. The thus recovered ammonia is re- 
cycled to the reaction system. The liquid collected by 
cooling is separated into a water phase and an organic 
phase containing benzonitrile, and then the organic 

40 phase is introduced into a distillation tower where the 
organic phase is separated into low boiling substances 
(such as unreacted toluene, ammonia, hydrogen cya- 
nide, water, etc.) and crude benzonitrile. Further, the 
crude benzonitrile is introduced into a purification tower, 

45 and separated into benzonitrile and high boiling sub- 
stances. 

[0010] In the above process, the reaction product gas 
is cooled to collect the liquid containing benzonitrile, and 
then only ammonia recovered from the residual gas is 

50 recycled to the reaction system. However, in this proc- 
ess, since the reaction product gas is cooled to 1 0°C or 
lower, the collected liquid inevitably contains large 
amounts of ammonia and ammonium carbonate, there- 
by, failing to recover ammonia contained in the liquid. 

55 [0011] "Hydrocarbon Processing", pp. 103-106, (Feb- 
ruary, 1976) discloses the process for producing aro- 
matic nitriles by conducting the ammoxidation in the 
presence of a metal oxide catalyst by vapor-phase fluid 
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catalytic reaction. In this process, after the reaction 
product gas is cooled in a cooler to collect the nitrile 
compounds therefrom, the residual gas is introduced in- 
to an absorption tower where unreacted ammonia and 
by-produced hydrogen cyanide are dissolved in water 
to separate these compounds from waste gases (car- 
bon monoxide, nitrogen, etc.). The thus obtained aque- 
ous solution is then introduced into a diffusion tower and 
separated into waste liquid containing high boiling sub- 
stances and a fraction containing ammonia, hydrogen 
cyanide, water or the like. The fraction is further intro- 
duced into a distillation tower and separated into ammo- 
nia and an aqueous solution (containing hydrogen cya- 
nide and ammonium carbonate). Then, the aqueous so- 
lution is separated into a mixture of hydrogen cyanide 
and a carbon dioxide gas, and ammonia-containing wa- 
ter. The ammonia-containing water is returned to the 
preceding distillation tower. The nitrile compounds col- 
lected by cooling is separately purified. 
[0012] Thus, in the above process, after separating 
the nitrile compounds from the reaction product gas, on- 
ly ammonia recovered from the residual gas is recycled 
to the reaction system. For this reason, this process is 
more advantageous as compared to the previous ben- 
zonitrile production process because ammonia con- 
tained in ammonium carbonate can also be recovered. 
However, in this process, the use of additional facilities 
such as diffusion tower, distillation tower and ammoni- 
um carbonate-decomposition tower is required to sep- 
arate ammonia and hydrogen cyanide (containing car- 
bon dioxide) from the residual gas, resulting in in- 
creased costs for facilities. 

[0013] In "Chemical Engineering", pp. 53-55 (Novem- 
ber, 1971), there is disclosed the process for the pro- 
duction of isophthalonitrile. In this process, m-xylene, 
ammonia and air are subjected to ammoxidation using 
a vanadium oxide catalyst by fixed bed reaction. The 
reaction product gas is introduced into a scrubber and 
water-cooled therein to crystallize isophthalonitrile. The 
residual gas is further introduced into an absorption tow- 
er where unreacted ammonia and by-produced hydro- 
gen cyanide are dissolved in water, and the waste gas 
discharged from the top of the tower is burned for dis- 
posal. In the above document, it is described to recover 
ammonia from the aqueous solutions produced in the 
scrubber and absorption tower and recycled the recov- 
ered ammonia to the reaction system . However, no con- 
crete method therefor is specified therein. The isoph- 
thalonitrile-containing water slurry condensed in the 
scrubber is introduced into a filter to separate isoph- 
thalonitrile therefrom, and the separated isophthaloni- 
trile is then dehydrated and dried to obtain the aimed 
product. 

[0014] When carbocyclic or heterocyclic compounds 
having organic substituent(s) are reacted with ammonia 
and an oxygen-containing gas such as air, the reaction 
product gas contains unreacted carbocyclic or hetero- 
cyclic compounds, nitrile compounds, ammonia, hydro- 



gen cyanide, a carbon dioxide gas, water, carbon mon- 
oxide, nitrogen, oxygen and the like. Usually, the reac- 
tion product gas contains the by-produced hydrogen cy- 
anide at a concentration of about 1%. The by-produced 
5 hydrogen cyanide is readily converted into formamide, 
polymers or the like due to heat history, and the thus 
produced compounds are contained in waste water, 
thereby increasing a total oxygen demand (TOD) of the 
waste water and causing coloration thereof. Also, when 
10 the reaction product gas is cooled, carbon dioxide con- 
tained in the gas is readily precipitated as ammonium 
carbonate. Therefore, in the above process for the pro- 
duction of carbocyclic or heterocyclic nitriles, when ni- 
trile compounds are removed from the reaction product 
15 gas and then unreacted ammonia is recovered from the 
residual gas, it is important not only to avoid operational 
troubles of apparatuses due to the conversion of hydro- 
gen cyanide and precipitation of ammonium carbonate, 
but also to reduce the burden for treating the waste wa- 
20 ter and increase a recovery rate of unreacted ammonia. 
[0015] Thus, in the conventional processes described 
in the above prior arts, after separating nitrile com- 
pounds from the reaction product gas, only ammonia re- 
covered from the residual gas is recycled to the reaction 
25 system. Therefore, the recovery rate of ammonia is low. 
The by-produced hydrogen cyanide is burned, or other- 
wise converted into polymers or the like and contained 
in the waste water. In addition, in order to separate am- 
monia from hydrogen cyanide, it is required to use ad- 
30 ditional facilities such as distillation tower and. ammoni- 
um carbonate decomposition tower, resulting in in- 
creased installation costs for facilities. 
[001 6] The present inventors have studied the recov- 
ery of ammonia upon the production of isophthalonitrile 
35 by ammoxidation of m-xylene. As a result, it has been 
found that when fresh ammonia is used as a raw mate- 
rial, the aimed nitrile compounds is produced at a high 
yield and the activity of catalyst used is prevented from 
being deteriorated with time, but when ammonia recov- 
40 ered by the above processes is used, the ammoxidation 
reaction is inhibited, so that the amount of nitrile com- 
pounds as the aimed product is reduced, and the activity 
of the catalyst is considerably deteriorated due to pro- 
moted sintering, thereby failing to stably obtain the 
45 aimed product for a long period of time, 

SUMMARY OF THE INVENTION 

[0017] A first object of the present invention is to pro- 
50 vide an economically advantageous process for produc- 
ing carbocyclic or heterocyclic nitrile by the ammoxida- 
tion of a corresponding carbocyclic or heterocyclic com- 
pound by vapors-phase fluid catalytic reaction, wherein 
the aimed product can be stably obtained at a high yield 
55 for a long period of time while recovering unreacted am- 
monia from the reaction gas and recycling the recovered 
ammonia to the reaction system. 
[0018] A second object of the present invention is to 
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provide a process for producing the nitrile compounds 
by the same ammoxidation as described above, where- 
in after separating the nitrile compounds from the reac- 
tion product gas, unreacted ammonia, etc., can be ef- 
fectively recovered from the residual gas and recycled 
to the reaction system, thereby not only reducing costs 
required for treatment of wastes or the like, but also sta- 
bly obtaining the aimed product for a long period of time. 
[0019] As a result of further extensive researches in 
view of the above first object, concerning the process in 
which the ammoxidation is. conducted using a known 
catalyst containing vanadium, molybdenum, iron or the 
like and unreacted ammonia is recovered from the re- 
action gas and recycled to the reaction system, the 
present inventors have found that the deterioration in 
activity of the catalyst is caused by the water contained 
in the recovered ammonia, and the aimed product is sta- 
bly produced at a high yield for a long period of time by 
controlling the water content of recovered ammonia to 
a specific range by distillation method to maintain the 
water content of gas supplied to a reactor at a predeter- 
mined level. 

[0020] Namely, in a first aspect of the present inven- 
tion, there is provided a process for producing a nitrile 
compounds by reacting a carbocyclic or heterocyclic 
compound having organic substituent(s) with ammonia 
and an oxygen-containing gas, which comprises the 
steps of conducting vapor-phase catalytic ammoxida- 
■ tion of the carbocyclic or heterocyclic compound in the 
presence of a fluid catalyst containing at least one metal 
oxide selected from the group consisting of vanadium 
oxide, molybdenum oxide and iron oxide while control- 
ling a water content of gas supplied to a reactor to 1 2% 
by volume or lower; recovering unreacted ammonia 
from the reaction product gas; and recycling the recov- 
ered ammonia to reaction system. 
[0021] Further, as a result of extensive researches in 
view of the above second object, the present inventors 
have found that after separating the nitrile compounds 
from the reaction product gas, when unreacted ammo- 
nia, by-produced hydrogen cyanide and ammonium car- 
bonate contained in the residual gas are dissolved in 
water and the obtained aqueous solution is distilled un- 
derspecific conditions, it is possibleto efficiently recover 
ammonia and hydrogen cyanide at the same time, and 
when the recovered ammonia is recycled to the reaction 
system, it is possible to not only reduce costs required 
for treatment of wastes or the like, but also stably obtain 
the aimed nitrile compounds at a high yield for a long 
period of time. 

[0022] Namely, in a second aspect of the present in- 
vention, there is provided a process for producing a ni- 
trile compounds by reacting a carbocyclic or heterocy- 
clic compound having organic substituent(s) with am- 
monia and an oxygen-containing gas, which comprises 
the steps of separating the nitrile compounds from the 
reaction product gas; absorbing unreacted ammonia 
and by-produced hydrogen cyanide contained in the re- 



sidual gas, in water; distilling the obtained solution under 
a pressure of 0.2 to 0.7 MPa to recover ammonia and 
hydrogen cyanide therefrom; and recycling the recov- 
ered ammonia and hydrogen cyanide to the reaction 
5 system. 

BRIEF DESCRIPTION OF THE DRAWING 

[0023] Fig. 1 is a flow diagram of an apparatus for the 
10 production of nitrile compounds by ammoxidation show- 
ing an embodiment of the second aspect of the present 
invention, wherein A is an ammoxidation reactor; B is a 
nitrile separation tower; C is an ammonia absorption 
tower; and D is an ammonia regeneration tower. 

15 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0024] Examples of the carbocyclic compounds hav- 
ing organic substituent(s) which are used as a raw ma- 

20 terial in the present invention, include those compounds 
having a carbon ring such as benzene, naphthalene, an- 
thracene, cyclohexene, cyclohexane, dihydronaphtha- ^ 
lene, tetralin and decalin, and containing as side chains, 
organic substituent(s) bonded to the carbon ring such 

25 as methyl, ethyl, propyl, formyl, acetyl, hydroxymethyl, 
methoxycarbonyl and alkoxylr'The carbocyclic com- 
pounds may further contain inorganic substituent(s) 
such as halogen, hydroxyl, amino and nitro. Specific ex- 
amples of the carbocyclic compounds having organic 

30 substituent(s) include toluene, xylene, trimethyl ben- 
zene, ethyl benzene, methyl naphthalene, dimethyl 
naphthalene, methyl tetralin, dimethyl tetralin, chlorotol- • 
uene, dichlorotoluene, methyl amyrin, creso! and methyl 
anisole, 

35 [0025] Examples of the heterocyclic compounds hav- 
ing organic substituent(s) which are used as a raw ma- 
terial in the present invention, include those compounds 
having a hetero ring such as furan, pyrrole, indole, thi- 
' ophene, pyrazole, imidazole, oxazole, pyran, pyridine, 

40 quinoline, isoquinoline, pyrroline, pyrrolidine, imidozo- 
line, imidazoline, piperidine and piperazine, and con- 
taining the above organic substituent(s) bonded to the 
hetero ring. The heterocyclic compounds may also con- 
tain as side chains, the same inorganic substituent(s) 

*5 as described with respect to the above carbocyclic com- 
pounds. Specific examples of the heterocyclic com- 
pounds having organic substituent(s) include furfural, 
2-methyl thiophene, 3-methyl thiophene, 2-formyl thi- 
ophene, 4-methyl thiazole, methyl pyridine, dimethyl py- 

50 ridine, trimethyl pyridine, methyl quinoline, methyl pyra- 
zine, dimethyl pyrazine, methyl piperazine or the like. 
[0026] These carbocyclic or heterocyclic compounds 
may be used singly or in the form of a mixture of any 
two or more thereof. 

55 [0027] The ammoxidation is conducted by vapor- 
phase fluid catalytic reaction in order to obtain a uniform 
temperature distribution. In the ammoxidation, there is 
suitably used a catalyst comprising as essential compo- 
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nent, at least one metal oxide selected from the group 
consisting of vanadium oxide, molybdenum oxide and 
iron oxide. Further, such a catalyst composed of a plu- 
rality of metal oxides which is modified by adding an ox- 
ide of at least one element selected from the group con- 
sisting of Mg, Ca, Ba, La, Ti, Zr, Cr, W, Co, Ni, B, Al, Ge, 
Sn, Pb, P, Sb, Bi, Li, Na, K, Rb and Cs to the above metal 
oxide, may be used in order to enhance the activity, 
strength (wear resistance) and life thereof. The latter 
catalyst is represented by the following composition for- 
mula: 

(V) a (Mo) b (Fe) c (X) d (Y) e (0) f 

wherein X is at least one element selected from the 
group consisting of Mg, Ca, Ba, La, Ti, Zr, Cr ; W, Co and 
Ni; Y is at least one element selected from the group 
consisting of B, Al, Ge ; Sn, Pb, P, Sb, Li, Na, K, Rb and 
Cs; and subscripts a to f represent atomic ratios of re- 
spective elements with the proviso that a is 0.01 to 1 
(preferably 0.1 to 0.7), b is 0.01 to 1 (preferably 0.05 to 
0.7), c is 0 to 1 (preferably 0.05 to 0.7), d is 0 to 1 (pref- 
erably 0.05 to 0.7) ; e is 0 to 1 (preferably 0.05 to 0.7), 
and f is the number of oxygen atoms in the oxide ob- 
tained by bonding the above elements thereto. 
[0028] Of the catalysts represented by the above 
composition formula, especially preferred catalysts are 
those composed of metal oxides containing V, Cr, B, Mo 
and P together with an alkali metal such as Na or K, 
[0029] Examples of the vanadium sources include in- 
organic salts such as ammonium salt and sulfate, and 
vanadium salts of organic acids such as oxalic acid and 
tartaric acid. Examples of the chromium sources include 
chromic acid, chromium nitrate, chromium hydroxide, 
ammonium chromate, ammonium bichromate, and 
chromium salts of organic acids such as oxalic acid and 
tartaric acid. Examples of the boron sources include bo- 
ric acid and ammonium borate. Examples of the molyb- 
denum sources include ammonium molybdate, phos- 
phomolybdic acid, ammonium phosphomolybdate, and 
molybdenum salts of organic acids such as oxalic acid 
and tartaric acid. Examples of the phosphorus sources 
include phosphomolybdic acid and ammonium phos- 
phomolybdate as described above. Examples of the al- 
kali metal sources include Li, Na, K, Rb and Cs, espe- 
cially hydroxides, carbonates or nitrates of Na or K, and 
alkali metal salts of organic acids such as oxalic acici, 
tartaric acid and acetic acid. In addition, as raw materials 
of the catalysts, there may also be used metal salts of 
inorganic acids or organic acids capable of readily form- 
ing oxides by heating these salts in air. 
[0030] The above catalysts used in the present inven- 
tion may be suitably supported on any known carrier 
such as silica and alumina, especially silica. As the silica 
carrier, there may be used silica gel, colloidal silica and 
anhydrous silica described, for example, in "CHEMICAL 
HANDBOOK-APPLIED CHEMISTRY" published by 



Maruzen, pp. 256-258 (1986). When the silica carrier 
contains alkali metal, the amount of alkali metal must be 
taken into consideration upon the preparation of the cat- 
alyst. The amount of the silica carrier used is in the range 
5 of 20 to 80% by weight, preferably 40 to 70% by weight 
based on the weight of the catalyst. 
[0031] These catalysts may be produced by known 
methods. For example, when the catalyst is prepared 
by supporting V/Cr/B/Mo/P/Na-containing metal oxides 
10 on the silica carrier, a boric acid solution and sodium 
acetate are added to a solution prepared by dissolving 
vanadium oxide and chromium oxide in oxalic acid, and 
then silica gel is added to the resultant solution to obtain 
a slurried mixture. In this case, any solubilizing agent 
1 $ may be used to facilitate dissolution of boric acid, if re- 
quired. Examples of the solubilizing agent for boric acid 
include polyhydric alcohols, a-monooxycarboxylic acids 
and dioxycarboxylic acids. In the preparation of fluid cat- 
alysts, the obtained mixture is spray-dried and, if re- 
20 quired, further dried at a temperature of 1 1 0 to 1 50°C. 
Then, the obtained dried catalyst is calcined. The calci- 
nation may be conducted at a temperature of 400 to 
700°C, preferably 450 to 650°C for several or more 
hours while passing air therethrough. Meanwhile, it is 
25 preferred that pre-calcination is conducted prior to the 
above substantial calcination. 

[0032] The catalyst used in the present invention has 
a particle size of 1 0 to 300 jam; an average particle size 
of 30 to 200 ujti, preferably 40 to 100 ujti; and a bulk 

30 density of 0.5 to 2 g/cm 3 , preferably 0.7 to 1 .5 g/cm 3 . 
[0033] The suitable oxygen-containing gas used in 
the ammoxidation is usually air which may be in oxygen- 
rich state. Further, the oxygen-containing gas may be 
used in combination with a diluent such as nitrogen and 

35 a carbon dioxide gas. The amount of oxygen used is 1 .5 
moles or higher, preferably 2 to 50 moles per mole of 
one organic substituent contained in the carbocyclic or 
heterocyclic compound. When the amount of oxygen 
used is less than 1 .5 moles, the yield of the aimed nitrile 

40 compounds is lowered. On the other hand, when the 
amount of oxygen used is more than 50 moles, the 
space time yield of the aimed nitrile compounds is re- 
duced. 

[0034] When air is used as the oxygen-containing gas 
45 in the ammoxidation, the concentration of the carbocy- 
clic or heterocyclic compound contained in a raw gas 
" supplied to a reactor is 0.2 to 1 0% by volume, preferably 
0.5 to 5% by volume. When the concentration of the car- 
bocyclic or heterocyclic compound is more than 1 0% by 
50 volume, the yield of the aimed nitrile compounds is low- 
ered. On the other hand, when the concentration of the 
carbocyclic or heterocyclic compound is less than 0.2% 
by volume , the space time yield of the aimed nitrile com- 
pounds is reduced. 
55 [0035] The ammonia used as raw material may be in- 
dustrial-grade ones. The amount of ammonia used is 1 
to 10 moles, preferably 3 to 7 moles per mole of one 
organic substituent contained in the carbocyclic or het- 
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erocyclic compound. When the amount of ammonia 
used is less than 1 mole, the yield of the aimed nitrile 
compounds is lowered. On the other hand, when the 
amount of ammonia used is more than 10 moles, the 
space time yield of the aimed nitrile compounds is re- 5 
duced. 

[0036] As described above, the present inventors 
have found that water contained in the unreacted am- 
monia recycled adversely affects the activity of the cat- 
alyst. The water concentration in feed gas supplied to a 10 
reactor is 12% by volume or lower, preferably 10% by 
volume or lower. When the water concentration is more 
than 12% by volume, the yield of the aimed nitrile com- 
pounds is lowered, and the activity of the catalyst is de- 
teriorated due to promoted sintering thereof, thereby ^ 
failing to stably obtain the aimed nitrile compounds for 
a long period of time. 

[0037] In the present invention, the ammoxidation is 
preferably performed using a fluidized bed reactor. Var- 
ious types of fluidized bed reactors may be used in the 20 
process of the present invention. Ammonia may be fed 
into the reactor in the form of a mixture with the carbo- 
cyclic or heterocyclic compound. Alternatively, ammo- 
nia and the carbocyclic or heterocyclic compound may 
be separately fed into the reactor. Further, a mixture of 25 
ammonia, the carbocyclic or heterocyclic compound 
and a part of the oxygen-containing gas may be fed into 
the reactor. 

[0038] The ammoxidation may be conducted at a tem- 
perature of 300 to 500°C, preferably 330 to 470°C. 30 
When the ammoxidation temperature is less than 
300°C, the conversion rate of the reactants is lowered. 
On the contrary, when the ammoxidation temperature is 
more than 500°C. the amounts of by-produced carbon 
dioxide gas and hydrogen cyanide are increased, result- 35 
ing in poor yield of the aimed nitrile compounds. Also, 
the ammoxidation may be performed under either ordi- 
nary, increased or reduced pressure, but preferably un- 
der a pressure ranging from about ordinary pressure to 
0.2 MPa. The time of contact between the reactant gas 40 
and the catalyst varies depending upon kind of raw ma- 
terial, molar ratios of ammonia and the oxygen-contain- 
ing gas charged based on the raw material, the ammo- 
xidation temperature or the like. The contact time is usu- 
ally in the range of 0.5 to 30 seconds. 45 
[0039] As described above, as to the first aspect of 
the present invention, the present inventors have found 
that water contained in the unreacted ammonia recycled 
adversely affects the activity of the catalyst. The water 
concentration of the gas fed to the reactor is 12% by so 
volume or lower, preferably 10% by volume or lower. 
When the water concentration is more than 12% by vol- 
ume, the yield of the nitrile compounds is lowered, and 
the activity of the catalyst is considerably deteriorated 
due to promoted sintering, thereby failing to stably ob- 55 
tain the aimed nitrile compounds for a long period of 
time. 

[0040] Since a larger part of water in the gas fed to 



the reactor is contained in the recovered ammonia, the 
amount of water in the gas fed to the reactor can be op- 
timized by controlling the water content of the recovered 
ammonia. The water content of the recovered ammonia 
is controllable by varying distillation conditions, and is 
usually 30% by volume or lower, preferably 5 to 20% by 
volume. Even when the water content of the recovered 
ammonia is less than 5% by volume, the yield of the 
aimed product is not deteriorated. However, large costs 
are required for purifying the recovered ammonia to 
such a level, resulting in economically disadvantageous 
process. 

[0041] Thus, in the first aspect of the present inven- 
tion, the carbocyclic or heterocyclic compound is am- 
moxidized by vapor-phase fluid catalytic reaction using 
the catalyst containing at least one metal oxide selected 
from the group consisting of vanadium oxide, molybde- 
num oxide and iron oxide, and then unreacted ammonia 
is recovered from the reaction gas and recycled to the 
reaction system. In this case, by controlling the water 
concentration in the gas fed to a reactor to 12% by vol- 
ume or lower, it is possible to stably obtain the nitrile 
compounds at a high yield for a long period of time. 
[0042] Further, according to the first aspect of the 
present invention, since unreacted ammonia is recov- 
ered from the ammoxidation reaction product gas and 
usefully reused, the amount of ammonia used as raw 
material is considerably reduced, so that the production 
of carbocyclic or heterocyclic nitriles is conducted in an 
industrially advantageous manner. 
[0043] Then, the process of separating the nitrile com- 
pounds from the reaction product gas at an outlet of the 
reactor, recovering unreacted ammonia from the resid- 
ua! gas and then recycling the recovered ammonia to 
the reaction system in accordance with the second as- 
pect of the present invention, will be explained below. 
Fig. 1 is a flow diagram showing an embodiment of the 
second aspect of the present invention. However, the 
flow diagram of Fig. 1 is not intended to limit the present 
invention thereto. 

[0044] In Fig. 1, there is shown an ammoxidation re- 
actor A packed with the catalyst. The reactor is of a flu- 
idized bed type in which air is fed from the bottom there- 
of. Ammonia and a carbocyclic or heterocyclic com- 
pound are fed from a lower portion of the catalyst layer. 
The reaction product gas discharged from a top of the 
reactor, contains unreacted carbocyclic or heterocyclic 
compound, nitrile compounds, ammonia, hydrogen cy- 
anide, carbon dioxide gas, water, carbon monoxide, ni- 
trogen, oxygen and the like. 

[0045] The reaction product gas is introduced into a 
nitrile separation tower B where the gas is contacted 
with a solvent so that the nitrile compounds is dissolved 
therein and separated from the reaction product gas. As 
the solvent, there may be used various organic solvents 
or water, preferably organic solvents which have a high- 
er boiling point than that of the raw carbocyclic or hete- 
rocyclic compound and a high dissolution power to the 
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nitrile compounds, and are inert to the nitrile com- 
pounds. When the boiling point of the solvent is low, the 
amount of the solvent entrained on the residual gas is 
increased. 

[0046] Specific examples of the organic solvents in- 
clude aliphatic hydrocarbons such as octane, nonane 
and decane, and aromatic hydrocarbons such as tolu- 
ene, xylene and mesitylene. The aliphatic or aromatic 
hydrocarbons may contain in a molecule thereof, at 
least one substituent selected from the group consisting 
of alkyl, hydroxyl, amide, halogen, alkoxyl, amino, nitro 
and nitrile. Examples of such substituted aliphatic or ar- 
omatic hydrocarbons include ethyl benzene, cresol, 
chlorobenzene, dichlorobenzene, dimethylsulfoamide, 
methylanisole, nitrobenzene, benzonitrile, methylben- 
zonitrile or the like. 

[0047] The temperature of the nitrile separation tower 
B varies depending upon kind of solvent used, and is 
usually not more than boiling point of the solvent. The 
pressure within the nitrile separation tower B may be ei- 
ther ordinary, increased or reduced pressure, and is 
preferably in the range between ordinary pressure and 
the reaction pressure. 

[0048] Alternatively, the nitrile compounds may be re- 
covered in the form of crystals from the reaction gas by 
using a cooler instead of the separation tower. The 
crude nitrile compounds collected by these processes 
may be further subjected to purification treatments such 
as distillation and recrystallization to recover a high-pu- 
rity nitrile compounds. 

[0049] The gas from which the nitrile compounds is 
separated, i.e., the residual gas discharged from the top 
of the nitrile separation tower B, is then introduced into 
an ammonia absorption tower C having trays or packed 
beds where unreacted ammonia, by-produced hydro- 
gen cyanide, ammonium carbonate, etc., are dissolved 
in water The temperature of the ammonia absorption 
tower C is not more than boiling point of water, and the 
pressure thereof is preferably in the range of from ordi- 
nary pressure to the operating pressure of the nitrile 
separation tower B. The waste gas discharged from the 
ammonia absorption tower C, usually contains non-con- 
densed or undissolved carbon dioxide gas, carbon mon- 
oxide, nitrogen, oxygen, hydrogen cyanide or the like, 
and is burned for disposal. 

[0050] The aqueous solution discharged from the am- 
monia absorption tower C is introduced into an ammonia 
regeneration tower D where ammonia is recovered by 
distillation. As the ammonia regeneration tower D, there 
may be used a tray tower, a packed tower or the like. At 
the top of the ammonia regeneration tower D, ammonia 
and hydrogen cyanide as well as ammonia and a carbon 
dioxide gas produced by decomposition of ammonium 
carbonate are recovered at the same time, and then di- 
rectly recycled to the reaction system. On the other 
hand, from the bottom of the ammonia regeneration tow- 
er D, an aqueous solution containing a high-boiling com- 
ponents are discharged and treated as liquid wastes. 



[0051 ] The operating pressure of the ammonia regen- 
eration tower D is in the range of 0.2 to 0.7 MPa, pref- 
erably 0.2 to 0.5 MPa. The temperature of the ammonia 
regeneration tower D varies depending upon the oper- 

5 ating pressure. When the operating pressure is out of 
the above-specified range, it is difficult to stably operate 
the ammonia regeneration tower D for a long period of 
time due to the occurrence of various problems in the 
regeneration tower. If a mixed gas containing the recov- 

10 ered ammonia out of the above-specified range is recy- 
cled to the reaction system, the ammoxidation reaction 
is adversely affected. 

[0052] More specifically, when the operating pressure 
of the ammonia regeneration tower D is more than 0.7 
'5 MPa, the amount of by-products derived from hydrogen 
cyanide is increased. As a result, the operating perform- 
ance is lowered due to foaming, flooding or sticking of 
high-boiling substances onto heat exchanger. Further, 
the waste water is colored, and the TOD thereof is con- 
20 siderably increased. 

[0053] When the operating pressure is less than 0.2 
MPa, the dew point of stream at the top of the tower is 
lowered, resulting in precipitation of ammonium carbon- 
ate. As a result, stable operation of the ammonia regen- 
ts eration tower D becomes difficult. In addition, the water 
content of the mixed gas containing the recovered am- 
monia is increased. Therefore, when the mixed gas is 
directly recycled to the reaction system, the yield of the 
nitrile compounds is lowered, and the activity of the cat- 
30 alyst is considerably deteriorated due to promoted sin- 
tering thereof, thereby failing to stably obtain the aimed 
nitrile compounds for a long period of time. Alternatively, 
before being recycled to the reaction system, the gas 
circulated from the top of the regeneration tower may 
35 be distilled or passed through a dehydration tower filled 
with dehydrating agent, in order to reduce the water con- 
tent thereof. 

[0054] The reflux ratio of the ammonia regeneration 
tower D is 0.1 to 2.0, preferably 0.2 to 1 .5. In the distil- 

^0 lation procedure, the liquid residence time in the ammo- 
nia regeneration tower D constituted by the regenera- 
tion tower, condenser, reboiler, reflux vessel, etc., is in 
the range of 0.1 to 2.0 hours, preferably 0.1 to 0.5 hour 
in order to inhibit the production of high-boiling sub- 

45 stances derived from hydrogen cyanide. Meanwhile, the 
liquid residence time is given by a sum of an upper liquid 
residence time calculated from reflux amount (m 3 /h) rel- 
ative to hold-up amount (m 3 ) in condenser, reflux vessel 
and an upper portion (concentration portion) of the re- 

50 generation tower, and a lower liquid residence time cal- 
culated from a total amount (m 3 /h) of feed liquid amount 
and reflux amount relative to hold-up amount (m 3 ) in re- 
boiler and a lower portion (recovery portion) of the re- 
generation tower. 

55 [0055] When the mixed gas containing the recovered 
ammonia is recycled to the reaction system while keep- 
ing the above operating conditions of the ammonia re- 
generation tower D, the concentration of hydrogen cya- 
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nide in the reaction system is kept in equilibrium state 
at a constant level. The hydrogen cyanide is discharged 
from the top of the ammonia absorption tower C in an 
amount corresponding to the amount by-produced in the 
ammoxidation reaction, together with the waste gas, or 
discharged after being converted into formamide, am- 
monium formate, etc. by hydrolysis thereof at the bottom 
of the ammonia regeneration tower. 
[0056] In the process of the present invention, after 
separating the nitrile compounds from the reaction prod- 
uct gas of the ammoxidation, unreacted ammonia and 
the like are absorbed into water, and then the obtained 
solution is distilled under the specific conditions to re- 
cover ammonia therefrom. In this case, although ammo- 
nia, hydrogen cyanide and a carbon dioxide gas are in- 
troduced into the ammoxidation reactor, substantially no 
deterioration in activity of the catalyst is observed upon 
recycling the recovered ammonia to the reactor, so that 
the nitrile compounds can be stably obtained for a long 
period of time. Also, in the present process, the recovery 
of ammonia is readily performed only by using absorp- 
tion and distillation towers, resulting in economically ad- 
vantageous process. Further, the amount of hydrogen 
cyanide decomposed at the ammonia regeneration tow- 
er is reduced by circulating hydrogen cyanide or the like 
to the ammoxidation reactor, so that the load for treat- 
ment of waste water discharged from the bottom of the 
regeneration tower is considerably reduced. 
[0057] The present invention will be described in more 
detail by reference to the following examples. However, 
it should be noted that the following examples are illus- 
trative and not intended to limit the invention thereto. 
[0058] Meanwhile, in EXAMPLES 7,8 and 9 as well 
as COMPARATIVE EXAMPLE 6 concerning the second 
aspect of the present invention , the degree of coloration 
of liquid bottom products at the ammonia regeneration 
tower was measured by Gardner color scale (JIS K- 
0071-2). 

Preparation of catalyst A: 

[0059] Five hundreds milliliters of water was added to 
229 g of vanadium pentaoxide (V 2 0 5 ), and the resultant 
mixture was heated to 80 to 90°C. Then, 477 g of oxalic 
acid was added to the mixture while intimately stirring 
to dissolve solids therein. Separately, 400 ml of water 
was added to 963 g of oxalic acid, and the resultant mix- 
ture was heated to 50 to 60°C. Then, the mixture was 
mixed with a solution prepared by adding 252 g of chro- 
mic anhydride (Cr0 3 ) to 200 ml of water while intimately 
stirring to dissolve solids therein. The thus obtained va- 
nadyl oxalate solution and chromium oxalate solution 
were mixed together at a temperature of 50 to 60°C to 
obtain a vanadium/chromium-containing solution. Then, 
the thus obtained vanadium/chromium-containing solu- 
tion was mixed with a solution prepared by dissolving 
41 . 1 g of phosphomolybdic acid (H 3 [PMo 1 2O4 0 ]-20H 2 O) 
in 1 00 ml of water, and further with a solution prepared 



by dissolving 4.0 g of potassium acetate (CH 3 COOK) in 
1 00 ml of water. Then, 2,500 g of 20 wt% aqueous silica 
sol (containing 0.02% by weight of Na 2 0) was added to 
the mixed solution. The resultant slurry was intimately 

5 mixed with 78 g of boric acid (H 3 B0 3 ), and then concen- 
trated by heating until the liquid amount was reduced to 
about 3,800 g. The obtained catalyst solution was spray- 
dried while maintaining the inlet temperature at 250°C 
and the outlet temperature at 130°C. The spray-dried 

10 catalyst was further dried by a dryer maintained at 
130°C for 12 hours, pre-calcined at 400°C for 5 hours, 
and then calcined at 550°C for 8 hours under air stream. 
The thus obtained fluid catalyst contained as catalyst 
components, V, Cr, B, Mo, P, Na and K in such amounts 

'5 that the atomic ratio of V:Cr:B:Mo:P:Na:K was 1 :1 ;0.5: 
0.086:0.007:0.009:0.020. The concentration of these 
catalyst components in the fluid catalyst is 50% by 
weight. The fluid catalyst was hereinafter referred to as 
"catalyst A". 

20 

EXAMPLE 1 

[0060] A 23 mm<t> reactor heated by a resistance heat- 
ing element was charged with 40 ml of the catalyst A. 

25 Then, a mixed gas composed of 3.2% by volume of m- 
xylene 71 .3% by volume of air and 25.5% by volume of 
recovered ammonia containing 5.0% by volume of wa- 
ter, was fed to the reactor, and then subjected to fluid 
catalytic reaction at a space velocity (SV) of 850 Hr 1 

30 and a temperature of 420°C at which the maximum yield 
of isophthalonitrile was expected when using the cata- 
lyst A. The water content of the mixed gas fed to the 
reactor was 1 .3% by volume. As a result of the reaction, 
it was confirmed that the initial yield of isophthalonitrile 

35 based on m-xylene was 86.4 mol%. Then, the reaction 
was continued at 450°C for 300 hours for applying a 
heat load to the reaction system, and then conducted 
again at 420°C in the same manner as described above. 
It was confirmed that the yield of isophthalonitrile was 

40 still as high as 85.9 mol% after bearing heat load. Ac- 
cordingly, it was recognized that when the recovered 
ammonia having a well-controlled water content was fed 
to the reaction system, the aimed product was stably 
produced at a high yield without change with time. 

45 

EXAMPLE 2 

[0061] . A mixed gas composed of 2.9% by volume of 
m-xylene, 64.8% by volume of air and 32.3% by volume 

50 of recovered ammonia containing 25.0% by volume of 
water vapor was charged into a reactor packed with the 
catalyst A, and then subjected to fluid catalytic reaction 
at a space velocity (SV) of 850 Hr 1 and a temperature 
of 420°C at which the maximum yield of isophthalonitrile 

55 was expected when using the catalyst A. The water con- 
tent of the mixed gas fed to the reactor was 8.1% by 
volume. As a result of the reaction, .it was confirmed that 
the initial yield of isophthalonitrile based on m-xylene 
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was 85.2 mol%. Then, the reaction was continued at 
450°C for 300 hours for applying a heat ioad to the re- 
action system, and then conducted again at 420 Q C in 
the same manner as described above. It was confirmed 
that the yield of isophthalonitrile was still as high as 83. 1 
mol% after bearing heat load. Accordingly, it was recog- 
nized that when the recovered ammonia having a well- 
controlled water content was fed to the reaction system, 
the aimed product was stably produced at a high yield 
without change with time. 

EXAMPLE 3 

[0062] A mixed gas composed of 2.9% by volume of 
3-methyl pyridine, 64.8% by volume of air and 32.3% by 
volume of recovered ammonia containing 25.0% by vol- 
ume of water vapor, was charged into a reactor packed 
with the catalyst A, and then subjected to fluid catalytic 
reaction at a space velocity (SV) of 810 Hr 1 and a tem- 
perature of 390°C at which the maximum yield of 3-cy- 
anopyridine was expected when using the catalyst A. 
The water content of the mixed gas fed to the reactor 
was 8.1% by volume. As a result of the reaction, it was 
confirmed that the initial yield of 3-cyanopyridine based 
on 3-methyl pyridine was 85.3 mol%. Then, the reaction 
was continued at 450°C for 300 hours for applying a 
heat load to the reaction system, and then conducted 
again at 390°C in the same manner as described above. 
It was confirmed that the yield of 3-cyanopyridine was 
still as high as 84.1 mol% after bearing heat load. Ac- 
cordingly, it was recognized that when the recovered 
ammonia having a well-controlled water content was fed 
to the reaction system, the aimed product was stably 
produced at a high yield without change with time. 

EXAMPLE 4 



Preparation of catalyst B: 

[0064] The same procedure as used for the prepara- 
tion of the catalyst A was performed except that sodium 
5 acetate was used instead of potassium acetate. The 
thus obtained catalyst contained as catalyst compo- 
nents, V, Cr, B, Mo, P and Na in such amounts that the 
atomic ratio of V:Cr:B:Mo:P:Na was 1:1:0.5:0.086: 
0.007:0.021 . The concentration of the catalyst compo- 
te nents in the obtained catalyst was 50% by weight. This 
catalyst is hereinafter referred to as "catalyst B". 

EXAMPLE 5 

15 [0065] A mixed gas composed of 3.2% by volume of 
m-xylene, 71 .0% by volume of air and 25.8% by volume 
of recovered ammonia containing5.2% by volume of wa- 
ter, was charged into a reactor filled with the catalyst B, 
and then subjected to fluid contact reaction at a space 
20 velocity (SV) of 850 Hr 1 and a temperature of 420°C at 
which the maximum yield of isophthalonitrile was ex- 
pected when using the catalyst A, by the same method 
as in EXAMPLE 1 . The water content of the mixed gas 
fed to the reactor was 1 .3% by volume. As a result of 
the reaction, it was confirmed that the initial yield of iso- 
phthalonitrile based on m-xylene was 86.0 mol%. Then, 
the reaction was continued at 450°C for 300 hours for 
applying a heat load to the reaction system, and then 
conducted again at 420°C in the same manner as de- 
scribed above. It was confirmed that the yield of isoph- 
thalonitrile was still as high as 84.7 mol% after bearing 
heat load. Accordingly, it was recognized that when the 
recovered ammonia having a well-controlled water con- 
tent was recycled to the reaction system, the aimed 
product was stably produced at a high yield without 
change with time. 



30 



[0063] A mixed gas composed of 3.2% by volume of Preparation of catalyst C: 
p-xylene, 71 .5% by volume of air and 25.3% by volume 

of recovered ammonia containing 10.5% by volume of 40 [0066] Nine hundreds milliliters of water was added to 
water, was charged into a reactor packed with the cat- 700 ml of concentrated nitric acid, and the resultant so- 
alyst A, and reacted therein at 410°C at which the max- lution was heated to 50 to 60°C. Then, 92 g of electro- 
imum yield of terephthalonitrile was expected when us- lytic iron was added to the solution and dissolved there- 
ing the catalyst A. The water content of the mixed gas in. The obtained solution was mixed with 1 ,460 g of 
fed to the reactor was 2.7% by volume. As a result of 45 20-wt. % aqueous silica sol (containing 0.02% by weight 
the reaction, it was confirmed that the initial yield of of Na 2 0) and then with 359 g of antimony trioxide 
terephthalonitrile based on p-xylene was 88.2 mol%. (Sb 2 0 3 ) and 39 g of boric acid (H 3 B0 3 ). Further, a so- 
Then, the reaction was continued at 450°C for 300 hours lution prepared by dissolving 2.53 g of potassium ace- 
for applying a heat load to the reaction system, and then tate (CH 3 COOK) in 1 00 ml of water, was added to the 
conducted again at 410°C in the same manner as de- so resultant mixture. The obtained mixed solution was 
scribed above. It was confirmed that the yield of tereph- treated with 1 5% ammonia water to adjust the pH there- 
thalonitrile was still as high as 87.77 mol% after bearing of to 2, andthen aged at 1 00°C for3 hours. The resultant 
heat load. Accordingly, it was recognized that when the slurry was mixed with a chromium-containing solution 
recovered ammonia having a well-controlled water con- prepared by dissolving 33 g of chromium nitrate non- 
tent was recycled to the reaction system, the aimed 55 ahydrate (Cr(N0 3 ) 3 .9H 2 0) in 400 ml of water to obtain 
product was stably produced at a high yield without a slurry. Separately, 130 ml of water was added to 60 g 
change with time. of vanadium pentaoxide (V 2 0 5 ), and the resultant mix- 
ture was heated to 80 to 90°C. Then, 125 g of oxalic 
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acid was added to the mixture while intimately stirring 
to dissolve solids therein, thereby preparing a vanadyl 
oxalate solution. The vanadyl oxalate solution was add- 
ed to the previously prepared slurry, and the mixture was 
intimately stirred to prepare a catalyst solution. The ob- 5 
tained catalyst solution was spray-dried while maintain- 
ing the inlet temperature at 250°C and the outlet tem- 
perature at 1 30°C. The spray-dried catalyst was further 
dried within a dryer heated to 130°C for 12 hours, pre- 
calcined at 400°C for 0.5 hour, and then calcined at 10 
800°C for 8 hours under air stream. The obtained fluid 
catalyst had an alkali metal concentration of 0.21% by 
weight, and contained as catalyst components, Fe, Sb, 
V, Cr, B, Na and K in such amounts that the atomic ratio 
of Fe:Sb:V:Cr:B:Na:K was 1:1.5:0.4:0.5:0.77:0.011: 15 
0.031 . The concentration of these catalyst components 
in the fluid catalyst is 50% by weight. The fluid catalyst 
was hereinafter referred to as "catalyst C". 

EXAMPLE 6 20 

[0067] A mixed gas composed of 3.2% by volume of 
m-xylene, 71 .5% by volume of air and 25.5% by volume 
of the recovered ammonia containing 5.0% by volume 
of water, was fed into a reactor packed with the catalyst 25 
C, and then subjected to fluid catalytic reaction at a 
space velocity (SV) of 850 Hr 1 and a temperature of 
440°C at which the maximum yield of isophthalonitrile 
was expected when using the catalyst C . The water con- 
tent of the mixed gas fed to the reactor was 1.3% by 30 
volume. As a result of the reaction, it was confirmed that 
the initial yield of isophthalonitrile based on m-xylene 
was 79.8 mol%. Then, the reaction was continued at 
450°C for 300 hours for applying a heat load to the re- 
action system, and then conducted again at 440°C in 35 
the same manner as described above. It was confirmed 
that the yield of isophthalonitrile was still as high as 79.7 
mol% after bearing heat load. Accordingly, it was recog- 
nized that when the recovered ammonia having a well- 
controlled water content was recycled to the reaction 40 
system, the .aimed product was stably produced at a 
high yield without change with time. 

COMPARATIVE EXAMPLE 1 

45 

[0068] A mixed gas composed of 2.6% by volume of 
m-xylene, 57.6% by volume of air and 39.8% by volume 
of recovered ammonia containing 39.2% by volume of 
water, was fed into a reactor filled with the catalyst A, 
and then subjected to fluid catalytic reaction at a space 50 
velocity (SV) of 850 Hr 1 and a temperature of 420°C at 
which the maximum yield of isophthalonitrile was ex- 
pected when using the catalyst A. The water content of 
the mixed gas fed to the reactor was 1 5.6% by volume. 
It was confirmed that the initial yield of isophthalonitrile 55 
based on m-xylene was 79.1 mol% after bearing heat 
load. Then, the reaction was continued at 450°C for 300 
hours for applying a heat load to the reaction system, 



and then conducted again at 420°C in the same manner 
as described above. After completion of the reaction, it 
was confirmed that the yield of isophthalonitrile was re- 
duced to 75.3 mol%. Accordingly, it was recognized that 
when the recovered ammonia having a high water con- 
tent was recycled to the reaction system, the yield of 
isophthalonitrile as aimed product was lowered and con- 
siderably deteriorated with time. 

COMPARATIVE EXAMPLE 2 

[0069] A mixed gas composed of 2.6% by volume of 
3-methyl pyridine, 60.1 % by volume of air and 37.3% by 
volume of recovered ammonia containing 35.0% by vol- 
ume of water, was fed into a reactor filled with the cata- 
lyst A, and then reacted at a space velocity (SV) of 81 0 
Hr 1 and a temperature of 390°C at which the maximum 
yield of 3-cyanopyridine was expected when using the 
catalyst A. The water content of the mixed gas fed to the 
reactor was 13.0% by volume. As a result of the reac- 
tion, it was confirmed that the initial yield of 3-cyanopy- 
ridine based on 3-methyl pyridine was 80.1 mol%. Then, 
the reaction was continued at 450°C for 300 hours for 
applying a heat load to the reaction system, and then 
conducted again at 390°C in the same manner as de- 
scribed above. It was confirmed that the yield of 3-cy- 
anopyridine was reduced to 75.3 mol% after bearing 
heat load. Accordingly, it was recognized that when the 
recovered ammonia having a high water content was 
recycled to the reaction system, the yield of 3-cyanopy- 
ridine as aimed product was lowered and considerably 
deteriorated with time. 

COMPARATIVE EXAMPLE 3 

[0070] A mixed gas composed of 2.7% by volume of 
p-xylene, 58.5% by volume of air and 37.8% by volume 
of recovered ammonia containing 40.1% by volume of 
water was fed into a reactor filled with the catalyst A, 
and then subjected to fluid catalytic reaction at a space 
velocity (SV) of 850 Hr 1 and a temperature of 410°C at 
which the maximum yield of terephthalonitrile was ex- 
pected when using the catalyst A. The water content of 
the mixed gas fed to the reactor was 15.2% by volume. 
As a result of the reaction, it was confirmed that the initial 
yield of terephthalonitrile based on p-xylene was 78.1 
mol%. Then, the reaction was continued at 450 P C for 
300 hours for applying a heat load to the reaction sys- 
tem, and then conducted again at 410°C in the same 
manner as described above. It was confirmed that the 
yield of terephthalonitrile was reduced to 75.3 mol% af- 
ter bearing heat load. Accordingly, it was recognized 
that when the recovered ammonia having a high water 
content was recycled to the reaction system, the yield 
of terephthalonitrile as aimed product was low and con- 
siderably reduced with time. 
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COMPARATIVE EXAMPLE 4 

[0071] A mixed gas composed of 2.5% by volume of 
m-xylene, 56.9% by volume of air and 40.6% by volume 
of recovered ammonia containing 40.5% by volume of 
water, was fed into a reactor filled with the catalyst B, 
and then subjected to fluid catalytic reaction at a space 
velocity (SV) of 850 Hr 1 and a temperature of 420°C at 
which the maximum yield of isophthalonitrile was ex- 
pected when using the catalyst B. The water content of 
the mixed gas fed to the reactor was 1 6.5% by volume. 
As a result of the reaction, it was confirmed that the initial 
yield of isophthalonitrile based on m-xylene was 76.7 
mol%. Then, the reaction was continued at 450°C for 
300 hours for applying a heat load to the reaction sys- 
tem, and then conducted again at 420°C in the same 
manner as described above. It was confirmed that the 
yield of isophthalonitrile was reduced to 71 .3 mol% after 
bearing heat load. Accordingly, when the recovered am- 
monia whose water content was not controlled was re- 
cycled to the reaction system, the yield of isophthaloni- 
trile as aimed product was low and considerably re- 
duced with time. 

COMPARATIVE EXAMPLE 5 

[0072] A mixed gas composed of 2.5% by volume of 
m-xylene, 56.9% by volume of air and 40.6% by volume 
of recovered ammonia containing 40.5% by volume of 
water, was fed into a reactor filled with the catalyst C, 
and then subjected to fluid catalytic reaction at a space 
velocity (SV) of 850 Hr 1 and a temperature of 440°C at 
which the maximum yield of isophthalonitrile was ex- 
pected when using the catalyst C. The water content of 
the mixed gas fed to the reactor was 1 6.4% by volume. 
It was confirmed that the initial yield of isophthalonitrile 
based on m-xylene was 76.7 mol% after bearing heat 
load. Then, the reaction was continued at 450°C for 300 
hours for applying a heat load to the reaction system, 
and then conducted again at 440°C in the same manner 
as described above. After completion of the reaction, it 
was confirmed that the yield of isophthalonitrile was re- 
duced to 72.3 mol%. Accordingly, it was recognized that 
when the recovered ammonia whose water content was 
not controlled was recycled to the reaction system, the 
yield of isophthalonitrile as aimed product was low and 
considerably reduced with time. 

EXAMPLE 7 

[0073] According to the flow diagram shown in Fig. 1 , 
ammoxidation, separation of nitrile compounds and re- 
covery of ammonia were conducted as follows. 
[0074] Air, m-xylene (MX), fresh ammonia and an am- 
monia-containing gas from the ammonia regeneration 
tower D were mixed together, preheated to 350°C and 
then charged into the ammoxidation reactor A filled with 
6 liters of the catalyst A. As to the charging conditions, 



the flow rate of MX fed was 350 g/hr; the molar ratio of 
NH 3 to MX was 11 ; the molar ratio of 0 2 to MX was 5.4; 
and SV was 630 Hr 1 . The water content of the gas at 
an inlet of the reactor was 6.6% by volume, and the re- 
5 action was conducted at 420°C under a pressure of 0.2 
MPa. 

[0075] The reaction product gas discharged from the 
top of the reactor was introduced into the nitrile separa- 
tion tower B where, nitrile compounds contained in the 
10 gas were dissolved in dimethylfonmamide (DMF) as a 
solvent to separate the nitrile compounds from the gas. 
Then, the residual gas discharged from the top of the 
nitrile separation tower B was introduced into the am- 
monia absorption tower C where ammonia, hydrogen 
15 cyanide, ammonium carbonate, etc., contained in the 
residual gas were dissolved in water. Waste gas dis- 
charged from the top of the ammonia absorption tower 
C and containing a carbon dioxide gas, carbon monox- 
ide, nitrogen, oxygen, hydrogen cyanide and the like, 

20 was burned for disposal. 

[0076] An aqueous solution discharged from the bot- 
tom of the ammonia absorption tower C was introduced 
into the ammonia regeneration tower D operated under 
a pressure of 0.3 MPa (bottom temperature: 133°C). A 

25 mixed gas containing recovered unreacted ammonia, 
hydrogen cyanide, carbon dioxide gas, water vapor, 
etc., was separated at the top of the absorption tower, 
and recycled to the reaction system. Liquid bottom prod- 
ucts discharged from the bottom of the ammonia ab- 

^o sorption tower C were treated as waste water. The am- 
monia-containing mixed gas recovered at the top of the 
ammonia absorption tower C was composed of 73.6% 
of ammonia, 12.7% of carbon dioxide gas, 4.5% of hy- 
drogen cyanide, 9.0% of H 2 0 and the balance being in- 

35 ert gases. The yield of isophthalonitrile based on m-xy- 
lene was 83.4%. Also, liquid bottom products dis- 
charged from the bottom of the ammonia regeneration 
tower D contained 0.042% of formamide, 0.001 % or less 
of formic acid and 4 ppm of hydrogen cyanide, and ex- 

40 hibited a TOD of 1 ,500 ppm and a coloration degree of 
5 or less when expressed by Gardner color scale. The 
above operation was further continued for 9 days. As a 
result, it was confirmed that the differential pressure 
within the regeneration tower was kept constant, and the 

45 deterioration in heat transfer efficiency due to sticking 
of high-boiling substances or the like thereto was inhib- 
ited. 

EXAMPLE 8 

50 

[0077] The procedure of EXAMPLE 7 was conducted 
for 1 1 days, and then the operation was continued in the 
same manner as in EXAMPLE 7 except that the pres- 
sure and temperature as operating conditions of the am- 
55 monia regeneration tower D were changed to 0.4 MPa 
and 144°C, respectively. As a result, it was confirmed 
that when the operation was in steady state, the water 
concentration of the gas at an inlet of the reactor was 
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5.1%, and the yield of isophthalonitrile based on m-xy- 
lene was 85.5%. Further, liquid bottom products dis- 
charged from the ammonia regeneration tower D con- 
tained 0.051% of formamide, 0.003% of formic acid and 
4 ppm of hydrogen cyanide, and exhibited a TOD of 
1,700 ppm and a coloration degree of 5 or less when 
expressed by Gardner color scale. Thereafter, the op- 
eration was further continued for 30 days. As a result, it 
was confirmed that the differential pressure within the 
ammonia regeneration tower D was kept constant, and 
the deterioration in heat transfer efficiency due to stick- 
ing of high-boiling substances or the like thereto was 
inhibited. 

EXAMPLE 9 

[0078] The ammoxidation of 3-methyl pyridine was 
conducted.by the same method as in EXAMPLE 7. Spe- 
cifically, the raw gas was fed into the ammoxidation re- 
actor A under such charging conditions that the flow rate 
of 3-methyl pyridine was 300 g/hr; the molar ratio of NH 3 
to 3-methyl pyridine was 5.6; the molar ratio of 0 2 to 
3-methyl pyridine was.2.8; the water content of the gas 
at an inlet of the reactor was 5.2%; and SV was 280 Hr 1 . 
The reaction temperature and pressure were set to 
390°C and 0.2 MPa, respectively. 
[0079] The operating conditions of the nitrile separa- 
tion tower B and ammonia absorption tower C were 
identical to those of EXAMPLE 6, and the operating 
pressure of the ammonia regeneration tower D and the 
bottom temperature thereof were set to 0.4 MPa and 
142°C, respectively. When the operation was in steady 
state, the ammonia-containing gas recovered at the top 
of the ammonia regeneration tower D was composed of 
77.7% of ammonia, 4.1% of hydrogen cyanide, 11.1% 
of carbon dioxide gas, 7.4% of H 2 0 and the balance be- 
ing inert gases. The yield of 3-cyanopyridine based on 
3-methyl pyridine was 88.2%. Also, liquid bottom prod- 
ucts discharged from the bottom of the regeneration 
tower, contained 0.05% of formamide, 0.007% of formic 
acid and 3 ppm of hydrogen cyanide, and exhibited a 
TOD of 1 ,700 ppm and a coloration degree of 5 or less 
when expressed by Gardner color scale. The above op- 
eration was further continued for 30 days. As a result, it 
was confirmed that the differential pressure within the 
regeneration tower was kept constant, and the deterio- 
ration in heat transfer efficiency due to sticking of high- 
boiling substances or the like thereto was inhibited. 

COMPARATIVE EXAMPLE 6 

[0080] The ammoxidation of m-xylene was conducted 
by the same method as in EXAMPLE 7. In the ammox- 
idation, the ammonia regeneration tower D was operat- 
ed under the same conditions as in EXAMPLE 7 except 
that the operating pressure and bottom temperature 
thereof were changed to 0.8 MPa and 172°C, respec- 
tively. When the operation was continuously conducted 



under the above conditions, the differential pressure 
within the ammonia regeneration tower D was fluctuated 
with time, so that downcomer flooding frequently oc- 
curred, and it became difficult to conduct a stable oper- 
5 ation. When the operation was in steady state, the water 
concentration of the gas at an inlet of the ammoidation 
reactor A was 3.1%, and the yield of isophthalonitrile 
based on m-xylene was 86.2%. Also, liquid bottom prod- 
ucts discharged from the bottom of the ammonia regen- 
io eration tower D, contained 0.482% of formamide, 
0.166% of formic acid and 4 ppm of hydrogen cyanide, 
and exhibited a TOD of 6,800 ppm and a coloration de- 
gree of 18 or more when expressed by Gardner color 
scale. Thereafter, the above operation was further con- 
's tinued for 7 days. As a result, a remarkable deterioration 
in heat transfer efficiency was confirmed since the over- 
all coefficient of heat transfer thereof was reduced to a 
half value. 

COMPARATIVE EXAMPLE 7 

[0081 ] The ammoxidation of m-xylene was conducted 
by the same method as in EXAMPLE 7. In the ammox- 
idation, the ammonia regeneration tower D was operat- 
ed under the same conditions as in EXAMPLE 7 except 
that the operating pressure and bottom temperature 
thereof were changed to 0.15 MPa and 118°C, respec- 
tively. After initiation of the operation, the water concen- 
tration of the gas at an inlet of the ammoxidation reactor 
A was gradually increased and reached 10.5% by vol- 
ume. The yield of isophthalonitrile based on m-xylene 
was 79.2%. Thereafter, the above operation was further 
continued. As a result, the temperature of stream at the 
top of regeneration tower was reduced to 82°C or lower, 
and ammonium carbonate was precipitated in the reflux 
vessel. Therefore, since stable operation became diffi- 
cult due to these defects, the operation was stopped. 



Claims 

1 . A process for producing a nitrile compounds by am- 
moxidation of a carbocyclic or heterocyclic com- 
pound having organic substituent(s) in which said 
compound was reacted with ammonia and an oxy- 
gen-containing gas, comprising: 

conducting the ammoxidation by vapor-phase 
catalytic reaction in the presence of a fluid cat- 
alyst containing at least one metal oxide select- 
ed from the group consisting of vanadium ox- 
ide, molybdenum oxide and iron oxide while 
controlling a water content of a gas fed to a re- 
actor to 12% by volume or lower; 
recovering unreacted ammonia from a reaction 
product gas obtained by the ammoxidation; and 
recycling the recovered ammonia to the reac- 
tion system. 
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2. The process according to Claim 1 , wherein said cat- 
alyst comprises metal oxides containing (i) at least 
one element selected from the group consisting of 
V r Mo and Fe ; and (ii) at least one element selected 
from the group consisting of Mg, Ca, Ba, La, Ti, Zr, 
Cr, W, Co, Ni, B, AL Ge, Sn, Pb, P, Sb, Bi, Li, Na, 
K, Rb and Cs, and silica on which said metal oxides 
are supported. 

3. The process according to Claim 2, wherein said cat- 
alyst comprises metal oxides of V, Cr, B, Mo and P, 
and alkali metal which are supported on silica. 

4. A process for producing a nitrile compounds by am- 
moxidation of a carbocyclic or heterocyclic com- 
pound having organic substituent(s) in which said 
compound is reacted with ammonia and an oxygen- 
containing gas, comprising: 



V, Mo and Fe, and (ii) at least one element selected 
from the group consisting of Mg, Ca, Ba, La, Ti, Zr, 
Cr, W, Co, Ni, B, Al, Ge, Sn, Pb, P, Sb, Bi, Li, Na, 
K, Rb and Cs, and silica on which said metal oxides 
5 are supported. 

11. The process according to Claim 10, wherein said 
catalyst comprises metal oxides of V, Cr, B, Mo and 
P, and alkali metal which are supported on silica. 
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separating the nitrile compounds from a reac- 20 
tion product gas obtained by the ammoxidation; 
absorbing unreacted ammonia and by-pro- 
duced hydrogen cyanide present in the residual 
gas, in water; 

distilling the obtained solution under a pressure 25 
of 0.2 to 0.7 MPa to recover the ammonia and 
hydrogen cyanide therefrom; and 
recycling the recovered ammonia and hydro- 
gen cyanide to reaction system. 

30 

5. The process according to Claim 4, wherein said ni- 
trile compounds is separated from the reaction 
product gas by contacting the gas with an organic 
solvent to absorb the nitrile compounds therein. 

35 

6. The process according to Claim 4, wherein said ni- 
trile compounds is separated from the reaction 
product gas by cooling the gas to crystallize the ni- 
trile compounds. 

40 

7. The process according to Claim 4, wherein the liq- 
uid residence time in a distilling apparatus used for 
recovery of ammonia and hydrogen cyanide, is in 
the range of 0.1 to 2.0 hours. 

45 

8. The process according to Claim 4, wherein the wa- 
ter content of a gas fed to a reactor is 12% by vol- 
ume or lower. 

9. The process according to Claim 4, wherein the va- so 
por-phase catalytic ammoxidation is conducted us- 
ing a fluid catalyst containing at least one metal ox- 
ide selected from the group consisting of vanadium 
oxide, molybdenum oxide and iron oxide. 

55 

10. The process according to Claim 9, wherein said cat- 
alyst comprises metal oxides containing (i) at least 
one element selected from the group consisting of 
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